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Objective: Death and morbidity associated with substance use have risen continuously over last 
few decades, increasing the need for rigorous examination of promising programs. Interventions 
attempting to change multiple behaviors are a new approach designed to address interconnected 
problems such as the misuse of both alcohol and drugs. The purpose of this meta-analysis was to 
examine the efficacy of multi-behavior interventions in the substance use domain. Moreover, our 
synthesis estimated the optimal number of recommendations for intervention efficacy and 
explored the influence of factors associated with the types of samples or methods used in the 
synthesized studies.   
Methods: A research synthesis of multi-target interventions addressing substance-use was 
conducted to measure change in both behavioral and clinical outcomes between the pretest and 
follow-up.  
Results: Fifty-two reports (k = 110, n = 19,991) were included in our analysis. Change across all 
groups was d = 0.30 (CI = [0.23, 0.30]) for overall outcomes, d = 0.31 (CI = [0.24, 0.38]) for 
behavioral outcomes, and d = 0.22 (CI = [0.09, 0.35]) for clinical outcomes. Multi-behavior 
interventions were especially efficacious when targeting at-risk samples, targeting ethnic 
minority groups, and were culturally appropriate. Furthermore, findings indicated that the 
number of targeted behaviors was linearly related to intervention efficacy, with interventions that 
recommended four or more behaviors being the most efficacious.  
Conclusions: In the midst of the current substance use epidemic, innovative multi-behavior 
programs appear to hold promise and should be implemented more widely to establish 
effectiveness in other settings.  
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CHAPTER 1: BACKGROUND1 
 
The detrimental effects of substance abuse are well documented. According to the 
Centers for Disease Control, from 2006-2010, alcohol was responsible for an average of 88,000 
deaths and 2.5 million years of potential life lost each year in the United States (Centers for 
Disease Control and Prevention, 2016). Excessive drinking also takes an economic toll on the 
United States, resulting in an estimated 249 billion dollars of economic costs in 2010 alone 
(Centers for Disease Control and Prevention, 2016). Deaths from illicit drug overdoses (heroin, 
natural and semisynthetic opioids, methadone, synthetic opioids, cocaine, etc.) in the United 
States are currently at a record-high in both sheer numbers and prevalence per 100,000 people 
(Hedegaard, Warner, & Miniño, 2017). In 2015, 16.3 per 100,000 people died of a drug 
overdose, over 2.5 times the 6.1 per 100,000 people rate in 1999 (Hedegaard et al., 2017). In 
response, many treatments and programs have been created to address substance use and 
addiction, many of which entail multi-behavior interventions.  
The effectiveness of traditional interventions aimed at reducing substance use has been 
mixed. To analyze the average efficacy of these programs, nine meta-analyses considered 
efficacy broadly, without focusing on a specific population or type of approach. The sources, 
number of studies each synthesis covered, critical comparisons, and effect sizes of these nine 
syntheses appear in Table 1. As can be seen, the average effect size was d = 0.27, with effects 
ranging from 0.14 to 0.42. The syntheses spanned several decades with no apparent changes in 
                                                 
1 Co-authors: Ryan Palmer1, Aashna Sunderrajan1, Marta Durantini1, Flor Sánchez2, Laura Glasman3, and Dolores Albarracín1 
1University of Illinois, Urbana-Champaign 
2Universidad Autónoma de Madrid 
3Medical College of Wisconsin 
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efficacy, leading to the question of whether the newest generation of interventions is ready to 
reduce substance use. Thus, we posit that it may be necessary for interventions to address 
multiple behaviors, such as alcohol and drug use, or abuse of prescription drugs and adherence to 
a medication regimen. 
Multi-Behavior Interventions 
 One of the most cutting-edge intervention approaches involves multi-behavior programs 
that recognize that human behaviors are interrelated. The interrelations stem in part from causal 
influences of use and abuse of one substance on use and abuse of other substances. Alcoholism 
and drug abuse are strongly correlated, with alcoholics being 35 times more likely than non-
alcoholics to use cocaine, 17 times more likely to use sedatives, and 13 times more likely to use 
opioids (Helzer & Pryzbeck, 1988; National Institute of Health, 1991). Thus, unsurprisingly, 
resolving factors that underlie multiple substances can potentiate intervention effects. With this 
in mind, an intervention tested by Grossbard et al. (2010) simultaneously targeted alcohol use, 
tobacco use, and drug use (marijuana and other illicit drugs), attempting to maximize 
intervention efficacy.  
Multi-behavior interventions can also address behaviors that are often disrupted by the 
use of substances and can improve the outlook and lifestyle of people who use substances. For 
example, an intervention tested by Kypri and McAnally (2005) recommended reducing alcohol 
use (substance use), increasing vegetable intake (diet), and increasing frequency of exercise. In 
addition, an intervention can try to achieve one goal through multiple behavioral 
recommendations. For example, the intervention tested by Garland, Gaylord, Boettiger, and 
Howard (2010) aimed to reduce alcohol use through practicing mindfulness, completing stress 
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reduction exercises, and practicing suppressing negative thoughts and reducing attention to 
alcohol. 
Attempts to change two or more behaviors in a simultaneous or sequential manner are 
known as integrated interventions (Prochaska, Spring, & Nigg, 2008) or multi-behavior 
programs (Wilson et al., 2015). Given the demonstrated existence of risky clusters in the domain 
of alcohol and drug abuse, and the antagonistic effects between drug use and health promotion 
behaviors, the logical solution to addressing this complex problem is to design interventions that 
address multiple behaviors ( Wilson et al., 2015). There is some evidence suggesting that multi-
behavior interventions are effective in the domains of lifestyle behaviors (Wilson et al., 2015). 
Although these results are auspicious, it is unclear whether similar models will improve 
substance-related interventions over and above prior generations of programs. The purpose of 
this meta-analysis was to examine the efficacy of these multi-behavior interventions in the 
domain of substance use.  
The Optimal Number of Recommendations  
Our meta-analysis aimed at investigating the optimal number of recommendations to 
produce behavioral and clinical change. On one hand, a high number of recommendations may 
decrease behavioral change, due to a perceived increased difficulty and the resulting 
discouragement of the loftier goal (Patterson, 2001). On the other hand, if changing one target 
facilitates change of other targets, then a higher number of recommendations should be 
positively associated with efficacy. Furthermore, if these trends operate in parallel, they may 
create a parabolic relation between number of recommendations and intervention efficacy. In 
fact, in the domain of diet, exercise, and smoking, Wilson et al. (2015) found that a moderate 
(two or three) number of recommendations produced the greatest amount of behavioral and 
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clinical change (d = 0.33, CI = 0.23, 0.43), as opposed to a single recommendation (d = 0.17, CI 
= -0.02, 0.36) or a high number of recommendations (four or more) (d = 0.19, CI = 0.10, 0.27). 
However, which pattern occurs in the domain of substance abuse was an open question before 
the current meta-analysis.  
            Potential moderators. Prior meta-analyses of multi-behavior interventions have 
identified several factors, such as targeted samples and recruitment context, as moderators of the 
effects of these integrated interventions (Wilson et al., 2015).  The present meta-analysis 
explored the influence of these factors in the domain of substance use. For example, an 
intervention targeting an at-risk population (e.g., adolescents) may serve the needs of and 
therefore motivate the specific population better. In this case, the efficacy of targeted programs 
intervention programs should be greater than the efficacy of non-targeted ones.  
The Current Meta-Analysis 
 The current meta-analysis examined the efficacy of multi-behavior programs in the area 
of alcohol and drug use. We ascertained the optimal number of recommendations and considered 
effects on both alcohol and drug use. The synthesis included 52 research reports about the 
outcomes of targeted behavioral change related to alcohol and drug abuse behaviors. Behavioral 









CHAPTER 2: METHODS 
Literature Search 
 We conducted an internet search of six research databases (Ebsco, Scopus, WEb of 
Science, Pubmed, JSTOR, and Crossref). The search terms used were as follows: intervention, 
health education, persuasion, recommendation, treatment, educational program, rehabilitation, 
counseling outcomes, treatment outcomes, treatment effectiveness evaluation, treatment 
compliance, health promotion, behavior change, and randomized trial. To specifically find 
articles related to multiple alcohol and/or drug abuse behaviors, we used the syntax ((alcohol or 
drug abuse) AND ((intervention or randomized trial)) NOT ((review or meta-analysis or 
campaign or cost-effectiveness or theoretical)). This search yielded a total of 1,665 articles. 
Next, to ensure that as many applicable research reports would be found, two additional searches 
were completed using the search words: Alcohol/Drug and Alcohol/Drug/HIV, finding 158 and 
90 articles respectively. Lastly, in an attempt to include as many pertinent articles as possible, we 
searched through the reference list of related meta-analyses, conference titles, and emailed the 
researchers who appeared most prevalently in the database search, requesting any unpublished 
works. Article searches were performed iteratively in 2014, 2015, and 2017.  
Inclusion Criteria 
 After finding research reports, we screened the articles with our inclusion criteria, which 
led to a total of 52 eligible articles (see Figure 1). The inclusion criteria were as follows: 
1. Existence of at least one multi-behavior group. To be considered eligible for this meta-
analysis, all reports had to have at least one multi-behavior intervention group that 
provided at least one substance use recommendation.  
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2. Number of recommendations available. To be included in this meta-analysis, all 
reports had to report information that allowed us to count the number of 
recommendations. Reports were excluded if the number of recommendations could not 
be ascertained.  
3. Presence of sufficient statistical information. All reports that did not include enough 
statistical information to calculate effect sizes of the change over time were excluded. 
Therefore, to be included, articles had to report outcome values at both baseline and at 
least one follow-up. Reports that only included a follow-up outcome value were 
excluded, due to the fact that they disallowed us to calculate effect sizes to represent 
change over time. 
Measuring Behavioral and Clinical Change 
Similar to the coding process used in Wilson et al. (2015), we coded each paper’s 
outcome as being behavioral or clinical.  
Behavioral outcomes. The most frequent behavioral outcomes for alcohol use were the 
amount of alcohol consumed in a specific period (e.g., in a day, in a week), the frequency of 
excessive alcohol use (e.g., number of days of excessive drinking in a month), the proportion of 
abstinence days, and the number of drunk days. The most frequent behavioral outcomes for drug 
use were the amount of drug use (heroin, opioids, methadone, cocaine, crack, etc.) in a specific 
period (e.g., in the past week, in the past month), the frequency of ecstasy use, the frequency of 
excessive drug use, the proportion of abstinence days, and the number of times having sex while 
under the influence of drugs. Behavioral outcomes pertained to a variety of domains, so they also 
included such variables as needle sharing, medicine adherence, and counseling attendance.  
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Clinical outcomes. Clinical outcomes were measured through objective results, (e.g., the 
results of a diagnosis). The most frequent clinical outcomes for alcohol use were urine test 
results, the number of medical conditions related to alcohol use, and diagnoses of alcohol abuse 
or dependence. The most frequent clinical outcomes for drug use were urine test results, the 
number of drug use disorders diagnosed, and the number of dependence symptoms. 
We created summary effect sizes by averaging behavioral outcomes, clinical outcomes, 
and overall outcomes. However, there were too few clinical outcomes for separate analyses, 
leading to the reporting of the overall outcomes. Overall outcomes were further subdivided into 
alcohol-related and drug-related. Outcome variables for alcohol use include alcohol use, sex and 
drinking, and managing harmful consequences of alcohol use. Outcome variables for drug use 
include drug use, drugs for sex, start drug treatment, sex for drugs, and needle sharing.  
Coding of Conditions and Number of Recommendations 
We coded the number of recommendations suggested by each intervention by combining 
the total number of primary recommendations (i.e., ones that targeted the goals of the study) and 
the auxiliary recommendations (i.e., ones that targeted means through which the primary 
recommendations can be reached) described in the report. For example, the intervention in 
Surratt and Inciardi (2010) was coded as making five recommendations because participants 
were taught to reduce sexual risks, injection risk, drug use, risk of violence (four main 
recommendations), and violence with domestic partners (one auxiliary recommendation). 
Similarly, the intervention in Saitz et al. (2013) was coded as providing four recommendations 
because participants were encouraged to engage for ongoing healthcare (a main 
recommendation), receive relapse prevention counselling (a main recommendation), take 
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medication (an auxiliary recommendation), and go to mental health counselling (an auxiliary 
recommendation).  
Coding of Exploratory Study Characteristics 
Relevant characteristics of the reports, as well as the methods used in the studies, were 
coded by two independent raters, as described below. Disagreements between coders were 
resolved by discussion and further examination of the reports. Inter-coder reliability statistics 
appear in Table 2. 
Description of the report. We coded report characteristics, including the (a) publication 
year, (b) first authors' institution (e.g., college, hospital, research center), (c) first authors' 
institutional area (e.g., psychology, public health, medicine), (d) source type (e.g., journal article, 
dissertation), (e) location of the intervention, and (f) language of the intervention. 
Demographic and other participant characteristics. We also coded for characteristics 
of the sample, including the (a) sample size, (b) percentage of males in each group, (c) lowest, 
highest and mean age, (d) percentages of participants of European, African, Latin, Asian, and 
Native American descent, (e) percentage of participants who completed high school and their 
mean years of education, (f) percentages of participants who identified as heterosexual, gay and 
bisexual, and (g) percentage of participants with a pre-existing health condition (e.g., HIV, heart 
disease). 
We further coded for factors related to the intervention participants. We coded reports for 
(a) the specific sample targeted in the intervention (e.g., college students, intravenous drug 
users), and recoded this variable to indicate whether the intervention targeted a population that 
was at-risk vs. not-at-risk for substance misuse, (b) whether the intervention was targeted to an 
ethnic-minority group or (c) whether the intervention was targeted to a specific gender group, 
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and (d) whether the sample was self-selected, indicated by whether participation in the 
intervention was voluntary or whether the study conducted with a captive audience (e.g., prison 
inmates).  
Intervention characteristics. Finally, we coded for characteristics of the intervention 
programs. We coded for factors related to the design of the intervention, including (a) whether 
participants were randomly assigned and (b) the mean number of days between the intervention 
and posttest. We also coded for factors related to the implementation of these interventions. 
Specifically, we classified each intervention group according to (a) where participants were 
recruited (e.g., drug treatment facility, social service agency), and recoded this variable to 
describe a hospital/clinic setting vs. a non-hospital/clinic setting, (b) whether the facilitator was a 
professional (e.g., physician, nurse, social workers, counselors) or lay community member (e.g., 
community leaders and peers), (c) whether the intervention was delivered in a group setting, to 
individuals or a combination of the two, (d) the exposure format (e.g., radio, brochure), which 
was recoded to indicate face-to-face vs. other formats, (e) the exposure setting (e.g., school, 
community), and clinic vs. non-clinic setting. We also determined (f) whether the intervention 
was described as culturally appropriate, (g) whether the intervention made use of active (e.g., 
behavioral skills training) vs. passive (e.g., informational arguments) strategies, (h) whether the 
intervention relied on attitudinal elements (e.g., attitudinal arguments, threat arguments), 
motivational elements (e.g., feedback, encouragement), or skills training elements (e.g., role 
playing, goal setting), and (i) whether the intervention included biological methods (e.g., use of 
nicotine patches, drugs). 
Data Analytic Plan 
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To obtain effect sizes from mean scores, we followed the rules in (Becker, 1988), which 
involved subtracting the mean at posttest from the mean at pretest and divided it by the standard 
deviation of the difference. To get effect sizes from proportions, we calculated the odd ratio and 
divided its natural log by 1.81 to convert it into Cohen’s d as outlined in Chinn (2000). For cases 
in which the proportion was equal to 0 or 1 at either posttest or pretest, we applied the correction 
from Sweeting, Sutton, and Lambert (2004), which involved adding 0.005 to (or subtracting 
0.005 from) both pretest and posttest scores. Hedges and Olkin's (1985) correction factor was 
applied to all effect sizes to correct for small sample size bias. Reverse factors were applied to all 
the effect sizes so that a positive effect size always showed improvement, whereas a negative 
effect size always showed worsening in the targeted health outcome.  
For reports that included multiple measurements for one outcome variable (e.g., drug use, 
alcohol use), we first obtained the effect size for each of these measurements, then calculated the 
average of all these effect sizes as the overall effect size for that outcome variable (Johnson, 
1993). For each report, we calculated an overall effect size by obtaining the average of the effect 
sizes from all outcome variables.  
Most data analysis was conducted using weighted analysis of variance (ANOVA) in the 
statistical program SPSS, alongside Wilson’s SPSS meta-analytic macros (Lipsey & Wilson, 
2001; Wilson, 2006). An additional statistical program, R, was used to generate a funnel plot and 
run trim and fill analysis. Due to the significant heterogeneity (I2 = 0.948), we obtained only 
random-effect models for all analyses. That is, the effect sizes were weighted by the inverse of 





CHAPTER 3: RESULTS 
Description of Sample  
             We included 52 reports, resulting in 93 groups recommending multiple behaviors, 13 
groups recommending a single behavior, and 4 groups not recommending any behavior. Of the 
52 reports included, 42 provided two datasets, 8 provided three datasets, and 2 provided four 
datasets. A summary of the demographic characteristics, intervention set-up details, and 
participants information appears in Table 2. As can be seen, most of the reports included in this 
meta-analysis were journal articles, published around 2009, and conducted in the United States. 
The samples included both males (56%) and females (43%), who were on average in their mid-
thirties. On average, 56% of participants were gay or bisexual (k = 22), 60% completed high 
school (k = 56), 55% had a risk factor or health condition at baseline (k = 39), 4% were 
European-American (k = 79), 29% were African-American (k = 73), 86% were randomly 
assigned to conditions (k = 107), and 97% voluntarily participated in the interventions (k = 109). 
Among all interventions, 92% were delivered face-to-face (k = 96), 28% were delivered to 
groups (k = 100), 51% were delivered to individuals (k = 100), 89% used professional experts as 
facilitators (k  56), 37% targeted at-risk populations (k = 105), 8% targeted a specific at-risk ethic 
group (k = 109), 30% targeted a specific gender (k = 109), and only 11% were described by the 
authors as culturally appropriate (k = 109).  
Exploratory Moderator Analysis 
Our goal was to determine the efficacy of multi-behavior interventions both across the 
board and in critical segments (e.g., in clinical setting, targeting at-risk sample). We first 
conducted moderator analyses to determine whether a subset of the participants or intervention 
characteristics could potentially influence intervention efficacy. All analyses were conducted 
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with the overall samples of conditions except for those with intervention characteristics as 
moderators, which pertained only to intervention groups. These analyses appear in Table 3.  
Three major moderators2 were significant. Interventions were more efficacious when they 
targeted a sample at risk for the targeted behaviors (d = 0.64, CI = [0.50, 0.79]), than when they 
targeted a sample not at risk (d = 0.20, CI = [0.02, 0.38]). Interventions were also more 
efficacious when they targeted ethnic minority groups (d = 1.24, CI = [0.94, 1.53]) than when 
they did not (d = 0.36, CI = [0.28, 0.45]), and when they were described as being culturally 
appropriate (d = 0.82, CI = [0.55, 1.09]) than when they were not (d = 0.38, CI = [0.29, 0.48]). 
All of the following analyses were therefore run for both the total sample and the major 
subgroups created by these three significant moderators (e.g., interventions that targeted an at-
risk sample, interventions targeting ethnic minorities, and interventions that were described as 
culturally appropriate).  
Average Intervention Effect Size and Optimal number of Recommendations 
Change across conditions indicated significant improvements in the studied samples for 
all outcomes. The grand average for change over time was 0.30 (CI = [0.23, 0.36], p < 0.001, k = 
116, QE = 2220.265, I2 = 0.948). When breaking down by behavioral vs. clinical change, the 
averages for behavioral change over time (d = 0.31, CI = [0.24, 0.38], p < 0.001, k = 105, QE = 
2118.093, I2 = 0.951) were larger than for clinical change (d = 0.22, CI = [0.09, 0.35], p = 0.002, 
k = 18, QE = 95.324, I2 = 0.822). Separating alcohol use and drug use, the averages for drug-
related outcomes (d = 0.36, CI = [0.25, 0.46], p < 0.001, k = 64, QE = 2088.204, I2 = 0.970) were 
                                                 
2 Interestingly, reports from the public health area seemed associated with bigger effect sizes (d = 0.70, CI = [0.53, 0.88]) than 
those from psychology area (d = 0.25, CI = [0.04, 0.46]). 
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larger than for alcohol-related outcomes (d = 0.27, CI = [0.20, 0.34], p < 0.001, k = 63, QE = 
431.381, I2 = 0.856).  
Next, it was important to determine whether the association between number of 
recommendations and intervention efficacy was linear or curvilinear. Past research revealed that 
an increase beyond 2-3 behaviors in the program led to decreases of efficacy (Wilson et al., 
2015), which led to an interest in performing similar analyses with our data. The relevant 
analyses entailed meta-analytic comparisons among outcomes for conditions targeting 0,1, 2 or 
3, and 4 or 4+ behaviors.  
As shown in Table 4, interventions that made 4 or 4+ recommendations (d = 0.61, CI = 
[0.47, 0.76]) were significantly more efficacious than interventions recommending 2 or 3 
behaviors (d = 0.31, CI = [0.18, 0.45]) and appeared to be more efficacious than the other two 
groups as well, though not significant, which generally represented a linear pattern. Furthermore, 
when analyses were conducted with clinical outcomes, the pattern of effects was similar, 
although insufficient power prevented the analysis from reaching statistical significance. 
When separating the outcomes for drug use and alcohol use, we found that the pattern for 
drug use outcomes was largely similar to the overall pattern, but the pattern for alcohol use 
outcomes was less pronounced. In fact, in the alcohol use domain, a single recommendation 
seemed to be sufficient to elicit changes and increasing the number of recommendations did not 
appear to help beyond that point.  
Next, we repeated analyses for four major subgroups based on the three significant 
moderators from our exploratory moderator analyses (i.e., targeting at-risk samples, targeting an 
ethnic-minority group, and cultural appropriateness). The results did not reveal any interactions, 
implying that the findings concerning recommendation number held across the board. The 
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pattern in all the four subgroups largely replicated the overall pattern. Targeting an at-risk 
sample and developing culturally appropriate interventions was associated with enhanced 
efficacy relative to not doing so. Similarly, targeting an ethnic minority group was associated 
with reduced efficacy relative to not doing so.  
In conclusion, our data revealed a linear association between number of 
recommendations and intervention efficacy, such the more behaviors recommended, the more 
efficacious the intervention was. The pattern was less pronounced for alcohol-use outcomes, 
though. One explanation is that drug use often comes with alcohol use, but alcohol use can exist 
on its own. Consequently, multi-behavior interventions are best for drug-related problems, 
whereas single-behavior interventions can be sufficient for the less complex case of alcohol use. 
Additionally, these patterns replicated when considering at-risk and ethnic minority 
subpopulations, as well as culturally appropriate programs. 
Inclusion Bias 
We addressed inclusion bias in three ways. First, we visually inspected the funnel plot of 
the effect size against the standard error (Figure 1). If the distribution of effect sizes were 
unbiased, the plot should resemble a funnel, with studies with greater errors (assessed as smaller 
sample sizes) displaying greater variability (Sterne, Becker & Egger, 2005). Our plot revealed a 
bias suggesting that some positive effects were missing across different levels of precision. 
Therefore, we then ran Egger’s test of asymmetry (Egger, Smith, Schneider & Minder, 1997). 
For our data, the intercept for Egger’s test was 2.02 (p = 0.04), which suggested that there was 
asymmetry in the distribution of effect sizes. In light of the asymmetry, we run Duval and 
Tweedie’s (2000) trim and fill analysis. This method fills in any missing effect sizes, and then 
adds them to the analysis and recalculates an adjusted effect size. That is, this method not only 
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reveals distribution bias but also provides an adjusted mean effect size after correcting for that 
bias (Borenstein, 2005). A trim and fill analysis (Figure 1) added 22 studies to the right side that 
calculated a new adjusted d = 0.55 (CI = [0.46, 0.65]) for the intervention groups, which 
remained significant. Overall, analyses of bias indicated that our estimated effects were 





















CHAPTER 4: CONCLUSIONS 
Overview of Findings 
Given the rising rates of alcohol-related deaths and drug overdoses in the United States, 
understanding intervention efficacy is important. Our exploratory moderator analysis found 
participant and intervention characteristics that moderate the efficacy of interventions. 
Specifically, interventions were more efficacious when targeting an at-risk sample, targeting an 
ethnic minority group, and when they were described by the authors as being culturally 
appropriate. Our results also showed a general positive linear relation between number of 
recommendations and overall change, which is stronger for drug-use outcomes and weaker for 
alcohol-use outcomes. This pattern is different from the curvilinear pattern found by Wilson et 
al. (2015) in the lifestyle domain, and suggests that the optimal number of recommendations to 
be included in intervention programs differs across domains. Furthermore, analyses across levels 
of moderators led us to conclude that our findings were robust across important subpopulations, 
namely at-risk samples and ethnic minority samples. 
Limitations and Future Work 
            Skewed Distribution of Number of Recommendations. In our current dataset, we 
included very few single-behavior or no-behavior intervention programs, due to the lack of 
studies that directly compared multi-behavior to single-behavior interventions in the current 
substance use literature. Future replications should include more studies that had varied 
recommendation numbers to reduce distribution skewness. 
            Framing of Recommendations. We did not code for whether the recommendation was 
gain framed, focusing on the benefits of engaging in a behavior, or loss framed, stressing the 
consequences of failing to engage in a behavior (Rothman, Bartels, Wlaschin & Salovey, 2006). 
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Therefore, we did not include this variable in our analysis as a potential moderator. However, 
past research has shown that the message frame can largely affect recipients’ decisions and 
behaviors (Rothman, Salovey, Antone, Keough, & Martin, 1993). Therefore, future research 
should examine this question in the context of integrated interventions addressing substance use.  
            Predominance of Behavioral Outcomes. Although we included clinical outcomes, most 
of the outcome measurements were behavioral, due to the fact that most studies in the substance 
use domain rely solely on behavioral outcomes. Since most of the behavioral outcomes are 
measured through self-report (for instance, “How much alcohol did you have last week?”), the 
accuracy of the data cannot be guaranteed. Various factors may threaten the accuracy of the self-
report data, such as social desirability bias and participants’ lack of knowledge about health 
behaviors (Newell et al., 1999). However, the correspondence between the patterns of findings 
for behavioral and clinical outcomes is reassuring. 
Closing Remarks 
Designing more efficacious intervention programs is key to halting the current substance 
use crisis. This meta-analysis found multiple moderators that can influence the efficacy of a 
particular type of promising intervention in the substance use domain: Multi-behavior programs. 
To maximize efficacy, interventions should be implemented in culturally appropriate ways, and 
be used for vulnerable audiences like at-risk samples and ethnic-minority groups. Second, we 
found a general positive linear relation between the number of addressed targets and intervention 
efficacy, which was stronger for drug use programs than for alcohol use programs. This result 
suggests that integrated interventions are promising methods to combat the current drug-abuse 
epidemic and may be an effective solution through widespread implementation. Lastly, the 
efficacy of multi-behavior programs seemed to replicate across a variety of contexts and target 
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populations, indicating robust pattern of findings. Altogether, our meta-analysis contributes to 
our understanding of multi-behavior programs in the substance use domain and has actionable 
























Table 1. Summary of Prior Meta-Analyses of Substance Use Interventions. 
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The effectiveness of drug abuse 
treatment: a meta-analysis of 
comparison group studies 
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With Adult Alcohol and Illicit Drug 
Users: A Meta-Analysis of 









CBT vs. mostly active control, post-
treatment 
    
g = 0.115 CBT vs. mostly active control, 6-9 months 
follow-up 




Effectiveness of early interventions 
for substance using adolescents: 





g = 0.24 
Drug and alcohol treatment vs. control  
Janet et al. (2014) 
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Table 1 (cont.) 
    
g = 0.271 Continuing care vs. mostly passive control 
comparison, follow-up 
      
Benishek et al. (2014) 
Prize-based contingency 
management for the treatment of 
substance abusers: A meta-analysis 
2007 19 
 
d = 0.46 
 
 
CM vs. active control, post-intervention 




A meta-analysis of brief alcohol 
interventions for adolescents and 
young adults: variability in effects 








Brief intervention vs. passive control 
(adolescents) 
    




Internet interventions for adult 





g = 0.31 
 
Internet interventions vs. mostly active 
control, post-treatment 
    
g = 0.22 Internet interventions vs. mostly active 
control, follow-up 
Sayegh et al. (2017) 
Follow-Up Treatment Effects of 
Contingency Management and 
Motivational Interviewing on 




d = 0.43 
 
Contingency management vs. control, 3-
month follow-up 
    
d = 0.06 Contingency management vs. control, 6-
month follow-up 
 
    
d = 0.10 Motivational interviewing vs. control, 3-
month follow-up 
 
    




Table 2. Descriptive Statistics 
Variable Multiple behavior groups (k = 93) Oher groups (k = 17) 
General characteristics  
Publication year (r = 1)   
M        2007.46     2006.64 
Mdn         2009      2005 
SD          6.38       6.54 
k           93        15 
Source type (κ = 1)   
  Journal article       97.8 (91)     100 (17) 
  Not specified        2.2 (2)       0 (0) 
Academic affiliation (κ 
= .91) 
  
  University        48.2 (40) 37.5 (6) 
  College        28.9 (24)     37.5 (6) 
  Research center       19.3 (16)     18.8 (3) 
  Hospital / health cent         3.6 (3)     6.3 (1) 
Institutional area (κ = 1)   
  Psychology       21.5 (17)     31.3 (5) 
  Epidemiology        1.3 (1)      6.3 (1) 
  Community / Health       32.9 (26)     25 (4) 
  Medicine       39.2 (31)      37.5 (6) 
  Social work        2.5 (2)      0 (0) 
  Sociology        2.5 (2)      0 (0) 
Country (κ = 1)   
  United States        81.7 (76)     70.6 (12) 
  Other        18.3 (17)     29.4 (5) 
Types of intervention strategies 
22 
 
Table 2 (cont.) 
Passive strategies   
  Attitudinal arguments 
(κ = 1) 
        
    Yes        63.2 (48)     16.7 (1) 
    No        36.8 (28)     83.3 (5) 
  Normative arguments 
(κ = 1) 
  
    Yes        37.7 (23)     33.3 (2) 
    No        62.3 (38)     66.7 (4) 
  Control arguments (κ 
= .85) 
  
    Yes       54.3 (38)       0 (0) 
    No       45.7 (32)     100 (5) 
Threat argument (κ = 
1) 
  
    Yes       19.1 (9)      20 (1) 
    No       80.9 (38)      80 (4) 
  Informational 
arguments (κ = 1) 
  
    Yes       90.9 (80)     100 (12) 
    No        9.1 (8)       0 (0) 
Active strategies   
  Behavioral skills 
training (κ = 1) 
  
    Yes       66.7 (46)     20 (1) 
    No       33.3 (23)     80 (4) 
  Communication skills 
training (κ = 1) 
  
    Yes        41.7 (25)       0 (0) 
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Table 2 (cont.) 
    No        58.3 (35)      100 (5) 
  Setting of goals or 
review of past goals 
(κ = 1)  
  
    Yes       51.6 (33)      0 (0) 
    No       48.4 (31)     100 (8) 
  Role playing exercises 
(κ = 1) 
  
    Yes       23.3 (14)       0 (0) 
    No       76.7 (46)      100 (7) 
  Teaches cues to 
engage in behavior (κ 
= 1) 
  
    Yes       14.5 (8)       0 (0) 
    No       85.5 (47)      100 (5) 
  Training on coping 
with barriers (κ = 1) 
  
    Yes       39.3 (24)      0 (0) 
    No       60.7 (37)     100 (5) 
  Relapse prevention 
training (κ = 1) 
  
    Yes       32.3 (21)     16.7 (1) 
    No       67.7 (44)     83.3 (5) 
  Relaxation training (κ 
= 1) 
  
    Yes        7.5 (5)       0 (0) 
    No       92.5 (62)     100 (6) 
  Teaches self-
monitoring prompts 




Table 2 (cont.) 
    Yes        23.2 (13)      0 (0) 
    No        76.8 (43)     100 (6) 
  Stress management 
skills training (κ = 1) 
  
    Yes       17.5 (11)      0 (0) 
    No       82.5 (52)      100 (6) 
Strategies in both 
intervention types  
  
  Biological methods (κ 
= 1) 
  
    Yes       8.3 (7)        0 (0) 
    No       91.7 (77)     100 (9) 
  Behavioral contract (κ 
= 1) 
  
    Yes        2.5 (2)      0 (0) 
    No       97.5 (77)     100 (9) 
Participant characteristics 
Sample size (N) (r = 1)   
  Sum total       15489 4923 
  M       166.55     447.55 
  Mdn         108       124 
  SD       207.52     747.7 
  k         93       11 
Age in years (r = 1)      
  M       34.77     34.32 
  Mdn       36.5     30.8 
  SD       10.64     18.58 
  k         67       12 
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Table 2 (cont.) 
% men (r = 1)   
  M       56.39     55.8 
  Mdn        66.09     54 
  SD       32.88     25.12 
  k         91      16 
% women (r = 1)   
  M      43.56     42.88 
  Mdn        33.3      37.95 
  SD         33     23.30 
  k         91       16 
% gay / bisexual (r = 1)   
  M       56.47      53.33 
  Mdn        60       60 
  SD       40.74     50.33 
  k         19       3 
% high school 
graduates (r = 1) 
  
  M      59.57     59.74 
  Mdn        61     79 
  SD       31.36     46.28 
  k        49      7 
% with risk factors or a 
health condition at 
pretest (r = 1) 
  
  M       53.47     71.67 
  Mdn       38.8      100 
  SD       43.33     49.08 
  k        36       3 
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Table 2 (cont.) 
Ethnic descent   
  % European - 
American (r = 1) 
        
    M       41.66     58.26 
    Mdn       37.4     71.12 
    SD      30.90     35.89 
    K        69       10 
  % Africa – American 
(r = 1) 
  
    M       30.58     17.52 
    Mdn       24.45      16 
    SD       25.07     17.35 
    k        66       7 
  % Latin – American 
(r = 1) 
  
    M       19.99     21.12 
    Mdn        14.9      4.86 
    SD        25.48     39.15 
    k        61       6 
  % Asian – American 
(r = 1) 
  
    M       5.31     3.58 
    Mdn        0       0 
    SD       12.96     5.57 
    k        54       5 
  % Native American 
(r = 1) 
  
    M        0.44      0.79 
    Mdn         0       0 
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Table 2 (cont.) 
    SD       1.10     1.6 
    k        55       6 
Intervention set-up 
Domains targeted   
  Alcohol use (κ = 1)   
    Yes       25.5 (12)     33.3 (1) 
    No       74.5 (35)     66.7 (2) 
  Drug use (κ = 1)   
    Yes       51.1 (24)     33.3 (1) 
    No       48.9 (23)     66.7 (2) 
  Tobacco use (κ = 1)   
    Yes        0 (0)       0 (0) 
    No       100 (47)     100 (3) 
Number of 
recommendations (r = 
1) 
  
  M       2.28     0.76 
  Mdn       2.00       1 
  SD       0.95     0.44 
  k        93      17 
Medium of delivery   
  Face to face (κ = .97)   
    Yes       92.8 (77)     84.6 (11) 
    No       7.2 (6)     15.4 (2) 
Delivery format (κ = 1)   
  Groups       27.6 (24)     30.8 (4) 
  Individuals       48.3 (42)     69.2 (9) 
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Table 2 (cont.) 
  Both       24.1 (21)      0 (0) 
Facilitator (κ = .93)   
  Professional expert       89.6 (43)     87.5 (7) 
  Lay community 
member 
       10.4 (5)     12.5 (1) 
Culturally appropriate 
interventions (κ = .89) 
  
  Yes       12.9 (12)      0 (0) 
  No       87.1 (81)    100 (16) 
Duration of intervention 
in minutes (r = 1) 
  
  M        61.84     41.25 
  Mdn         60       50 
  SD       36.17     37.96 
  k         53        8 
Research design and implementation  
Random assignment to 
conditions (κ = .97) 
  
  Yes       86.7 (78)     82.4 (14) 
  No       13.3 (12)     17.6 (3) 
Payment received (US 
dollars) (r = 0.93) 
  
  M       81.63     22.50 
  Mdn         14.5        0 
  SD       128.22     60.17 
  k         72       12 
Days between 
intervention and 




Table 2 (cont.) 
  M         21.67        0  
  Mdn           0        0 
  SD       60.81        0 
  k          27        3 
Patient population (κ = 
1) 
  
  Yes       64.3 (36)      42.9 (3) 
  No       35.7 (20)      57.1 (4) 
Sample targeted by 
ethnicity (κ = 1) 
  
  Yes        7.5 (7)      12.5 (2) 
  No       92.5 (86)      87.5 (14) 
Sample targeted by 
gender (κ = 1) 
  
  Yes 32.3 (30)      18.7 (3) 
  No      67.7 (63)     81.3 (13) 
Self-selected sample (κ 
= 1) 
  
  Yes       95.6 (87)     93.7 (15) 
  No       4.4 (4)      6.3 (1) 
Note. k = number of cases. r = intercoder reliability for continuous variables. κ = intercoder 
reliability for categorical variables.
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Table 3. Exploratory Moderator Analyses. 
Moderators d [CI], k QB k 
Random-effect models    
   Target sample  17.86*** 105 
      Not at-risk 0.20ac [0.02, 0.38], 24   
      At-risk 0.64bc [0.50, 0.79], 39   
      Combination 0.43c [0.21, 0.65], 18   
      Others 0.28ac [0.10, 0.47], 24   
   Target ethnicity   33.36*** 109 
      Not at-risk 0.36a [0.28, 0.45], 100   
      At risk 1.24b [0.94, 1.53], 9   
   Cultural appropriateness  9.47** 109 
      Yes 0.82a [0.55, 1.09], 12 
  
      No 0.38b [0.29, 0.48], 97   
   Institutional area  16.46** 95 
      Psychology 0.25ac [0.04, 0.46], 22   
      Social work 0.27c [-0.52, 1.05], 2   
      Epidemiology 0.17c [-0.50, 0.84], 2   
      Public health 0.70bc [0.53, 0.88], 30   
      Medicine 0.38c [0.22, 0.54], 37   
      Sociology -0.07c [-0.76, 0.61], 2   
*** p < .001 ** p < .01 Within each moderator, ds that each has a unique subscript are 
significantly different from each other (e.g., ac is significantly different from bc; ac is not 






Table 4. Number of Recommendations (Random-effect Model). 
 Number of recommendations d [CI], k  QB k 
 4 & 4+ 2 & 3 1 0   
 Overall 
 0.61ac [0.47, 0.76], 44 0.31bc [0.18, 0.45], 49 0.39c [0.12, 0.66], 13 0.15c [-0.32, 0.61], 4 10.76* 110 
 Alcohol use only 
 0.41a [0.24, 0.59], 19 0.27a [0.14, 0.41], 27 0.37a [0.13, 0.62], 9 0.20a [-0.21, 0.61], 3 2.42 58 
 Drug use only 
 0.78ac [0.56, 1.0], 28 0.34bc [0.13, 0.56], 29 0.44c [-0.15, 1.03], 4 0.08c [-0.71, 0.86], 2 9.7* 63 
        Not at-risk sample      
 0.34a [0.09, 0.58], 8 0.11a [-0.09, 0.32], 12 0.20a [-0.51, 0.90], 1 0.15a [-0.25, 0.54], 3 2.24 24 
        At-risk sample      
 0.85a [0.54, 1.16], 17 0.48a [0.20, 0,76], 19 0.58a [-0.17, 1.32], 3 / 3.34 32 
        Not at-risk ethnicity group      
 0.51ac [0.40, 0.63], 40 0.26bc [0.15, 0.37], 46 0.33c [0.10, 0.55], 11 0.15c [-0.27, 0.56], 3 12.16* 100 





 0.58ac [0.44, 0.72], 36 0.25bc [0.13, 0.38], 45 0.39c [0.16, 0.62], 13 0.15c [-0.31, 0.60], 3 13.62* 97 
* p < .05 Within each row, ds that each has a unique subscript are significantly different from each other (e.g., ac is significantly 
different from bc; ac is not significantly different from c).
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8384 records identified through 
databases 
3500 additional records identified 
through other sources 
11884 records screened 
1913 full-text reports assessed 
for eligibility 
1861 full-text reports excluded 
   Review, theoretical, descriptive    
   articles 
   Qualitative studies 
   Survey research 
   Medical trial (e.g., surgery, drug  
   trial, vaccine trial) 
   Had no control group 
   Did not target more than one    
   outcome 
   Was not executed or completed 
   Did not have data at baseline 
   Did not have data at follow-up 
 
52 studies included in 
quantitative synthesis 
9971 records excluded 
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Figure 2. Funnel plot for inclusion bias analysis (with trim and fill). Conditions with zero 
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